Abstract-In the present scenario of rapid urbanization, the demand for wastewater treatment is continuously increasing. The majority of research in the ield of wastewater treatment plant WWT is focusing on its modeling part. The design of WWT is developed using professional uality software pac ages which incorporate the fundamental concepts with the ey engineering principles. With the aim to obtain an optimal design, in this study a novel Decision Support System DSS is developed for the preliminary units integrating screening chamber, grit chamber and e ualization tan with primary sedimentation tan as the primary process and activated sludge process, tric ling ilter and rotating biological contactor as different types of the secondary units of Wastewater Treatment System using a computing language MATLAB R2012a. DSS is a comprehensive and user-friendly program which could incorporate most of the theoretical and practical constraints. One of the major concerns of DSS is the dimension constraint for the design and operation of WWT . DSS incorporates miscellaneous mathematical functions and the code to develop a user-desired design. The applicability of the DSS model is illustrated through the various design problems. The design developed will support the future growth and development of the cost optimization models for WWT .
INTRODUCTION
A wastewater treatment plant WWT , is an industrial facility where a combination of mechanical, physical, chemical and biological processes is used to removed pollutant from the incoming wastewater Hreiz et al. 2015 . This paper discussed the modeling of conventional wastewater treatment plant commonly used i.e. suspended growth activated sludge processes as well as attached growth processes tric ling ilter and rotating biological contactor . Modeling is considered to be an inherent part of the design and operation of a wastewater treatment system especially when its demand is increasing rapidly Baserba et al. 2012 . Wastewater management is a complex problem for which proper units must be combined to achieve the desired solution, re uiring simultaneous consideration of technical, economic, social and environmental issues. Wastewater is essentially the water supply of the community after it has been fouled by a variety of uses. The water received from a community contains a wide range of chemical substances and microbial lora thus, ac uiring a high polluting potential and becomes a health and environmental hazard Hreiz et al. 2015 Metcalf and Eddy, 2003 . In WWT s a primary treatment ensures the removal of particulate pollutants debris, sand, oils, grease and particulate wastes from the in low wastewater stream. However, the colloidal and dissolved wastes are not suf iciently removed by the separation processes, and thus, eliminated in the secondary treatment stage. Although there are many process-speci ic technologies that are capable of ade uately treating wastewater, different units are to be combined and adapted in a treatment process to meet speci ic re uirements Baserba et al. 2012 . However, the number of processes in wastewater treatment has been growing steadily as well as the number of possible combinations, which increases the dif iculty of selecting the most suitable treatment train con iguration Hamouda et al. 2009 Jo simovic and Walters, 200 . owadays for an accurate decision-ma ing process during the design of wastewater treatment systems.
The process of designing the wastewater treatment system is more complex than designing any other electrical or mechanical system well-de ined system as it is based on many factors that affect WWT functionalities such as environmental standards and its infrastructure elements and thus, optimizing the whole wastewater treatment system becomes a non-trivial tas anhooren et al. 2003 . The design of a wastewater treatment process is established in two steps. The irst step is the development of a conceptual image of the whole process. Detailed treatment designs must be developed in subse uent stages Daigger, 2011 Gabald n et al. 1998 and sensitivity and uncertainty analysis lores-Alsina et al. 2008 . Second and the inal step is the implementation of various mathematical models to design the process. Using the analytical tools speci ic designs and sizes of the chosen technological units are estimated in detail. Given suf icient time and money, the user should also construct a physical model, such as a laboratoryscale reactor model, on which various design ideas can be tested. Out of many potentially feasible solutions the most promising ones should be selected for the actual process.
To be able to use mathematical models effectively, a good software tool to implement and simulate the models is indispensable. With the aim to get an optimal Wastewater Treatment System design, a novel Decision Support System DSS is developed for the primary and secondary units of Wastewater Treatment System using a computing language MATLAB R2012a. MATLAB is a high-level computational language with an interactive environment that enables the user to perform computationally intensive tas s faster than with conventional programming languages such as C, C++, and ORTRA . In this study, the miscellaneous mathematical functions, interactive tools, code and data management are used for the Wastewater Treatment System design. DSS is a comprehensive and user-friendly program which could incorporate most of the theoretical and practical or on-ield constraints. All the design parameters are in SI units unless or otherwise stated to standardize the DSS code.
Currently the strengthening of environmental laws and regulations necessitated the optimal operational and design of WWT s along with the economic point of view. Therefore, being most common and economical, this paper brie ly highlights the processes of activated sludge processes AS . The biological treatment method is sustainable and it is the demand of the day. The DSS of WWT s would help in inding the minimum re uired area for optimal operations. This helps in the development of comprehensive mathematical formulation for design and operation.
The paper is organized as follows. Section 2 describes proposed methodology for the program development of Decision Support System DSS . Section 3 outlines the results and discussions of the present study. Section 4 includes summary and conclusions of the present study and scope for future wor .
METHODOLOGY
Wastewater treatment refers to the process of removing pollutants from water previously employed for industrial, agricultural, or municipal uses. The processes used to remove the pollutants present in wastewater can be bro en into biological, chemical, physical and energetic process. A typical lowchart of a wastewater treatment system is shown in ig. 1.
Removal of large solids from the wastewater is done through the preliminary and primary process. Secondary process typically removes the smaller solids and particles remaining in the wastewater either thorough ine iltration, biological or energetic techni ues.
The DSS methodology adapted here is based on dividing the DSS into four stages as follows: The irst stage is identi ication of desired WWT units followed by data 18 collection stage. In both the stages the user supplies the inputs for various units of WWT and DSS solves the problem using the respective design formulae with appropriate procedure and returns the output in the third stage. The output in this stage will always be in accordance with the standard design speci ications. One of the advantages of computer aided design of wastewater treatment system is that the design calculations can be repeated in an easy way with different sets of input data and user desired optimal design of the system can be obtained which is the inal stage of this DSS methodology. In this stage DSS designs a user desired design by incorporating the dimension constraints of respective units in accordance with user, through bac calculation process. inally the output obtained now is completely as per user desired.
The infrastructure of a basic AS ig. 2 consists of i a single bioreactor operated continuously where the suspended microorganism consume the dissolved and colloidal organic matter. The reactor is supplied with dissolved oxygen D.O by mechanical aeration, which also serves to maintain a completely mixed regime throughout the reaction mass. Bacteria consume one part of the colloidal and dissolved organic compounds to satisfy their energetic needs catabolism , and synthesize another part along with small portion of ammonium as nitrogen and phosphorous into a new cellular tissues anabolism . ii Settling tan ig. 2 referred to as secondary settler or clari ier, where the activated sludge locculated biomass is gravitationally separated from the treated wastewater. inally the ef luent is discharged into the receiving water body, but in some WWT s, it may under additional treatment iltration and disinfection before being discharge. iii A sludge is usually recycled in the bioreactor, thus allowing high bacterial concentration to increase the rate of biological removal of pollutants organic and nutrients . iv A sludge wastage line at the bottom of clari ier, from where a small fraction of sludge is withdrawn in order to stabilize the biomass concentration in the bioreactor and to ix an ade uate sludge retention time SRT .
Referring ig. 2 mass can be written around the entire systems for biomass and food. Combining the e uations gives: 
RESULTS AND DISCUSSION
Initially different problems were considered with data sets from the references Metcalf and Eddy, 2003 eavy et al. 19 2014 as given below in the Table 1 . roblems were solved using DSS and the results were validated which showed that the coding runs well and give optimum solution with constraint sets for various parameters and option as shown ig. 3 .
A full simulation of WWT s design was carried out using the given parameters. Consider the designing of a combined WWT primary and secondary at room temperature 30 C for a discharge of 0.5m 3 /sec, velocity at the opening of bar as 0.5m/s, velocity at the approach through the stream channel as 0.3m/sec and particle size as 0.2mm having a speci ic gravity of 2. 5. The incoming low of wastewater is completely e ualized. Select secondary system as activated sludge process aeration-secondary clari ier with in luent and ef luent BOD as 200 mg/l and 10 mg/l respectively, biomass concentration as 4 g/m 3
, maximum allowed length of aeration tan as 50m, size of aerator to be 30 W and depth of secondary clari ier as 3m with a loading rate of 10 .sec. User de ined dimension constraints includes length and breadth of grit chamber as 15m and 1m respectively. Length, breadth and depth of sedimentation tan as 35m, 10m, and 3m respectively. Also length of secondary clari ier is constrained to 35m. The ig. 3 shown below demonstrates the approach of the code for designing the above discussed combined wastewater treatment system. The outputs of the program as per the respective standards reference Metcalf and Eddy, 2003 eavy et al. 2014 are mention in Table 2 . The DSS developed also incorporates the dimension constraint, as shown in ig. 4 in turn providing the user with the desired dimension of the system. The optimal design for the desired or re uired dimension can be set, and the standard design criteria as per Metcalf and Eddy, 2003 eavy et al. 2014 are stated which gives an insight to the designer as well. The inal summary of the output of the DSS code is tabulated in Table 3 includes the design parameters of the user-desired wastewater treatment system. The summary of the results is schematically represented in ig. 5, which shows the user-desired WWT plan. 
CONCLUSION
Development of WWT is a challenging tas as it deals with various design and operational elements. It is designed considering many engineering principles incorporating both theoretical and practical constraints. arious professional design softwares are being used to develop an optimal design of WWT . The major advantage of using these softwares is that it supplies the user with the outputs corresponding to various input data sets. DSS is developed using a high levelcomputing language MATLAB R2012a incorporating standard design formulae and speci ications of various units of WWT thus, returning a user-desired design as per the respective standards of the same by including dimension constraint as one of its major attribute. uture scopes of this study include appending of DSS code for tertiary system of WWT integrating nitri icationdenitri ication and phosphorous removal system also including cost functions of respective units and thus developing an optimized model for WWT .
